The Spider Toxin GsMTx-4 Blocks TRPV4 Cation Channels Expressed in HEK-293 Cells  by Kesselring, Christian S.J. et al.
126a Sunday, February 8, 2015previously identified for temperature sensing in heat sensitive vanilloid recep-
tors. Upon exchange of the region, the heat activation of the channel becomes
reversible and the temperature dependence becomes considerably reduced as
the wild type channels after sensitization. Interesting much of the hysteresis
effect can be attributed to a single residue near the TRP box. The position
of the residue suggests a mechanism of temperature-dependent gating of ther-
mal TRP channels involving an intracellular region assembled around the
TRP domain.
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The transient receptor potential channel TRPV4 is a calcium conducting,
osmosensitive cation channel and expressed in motoneurons and skeletal
muscles. In mouse muscle fibers TRPV4 forms or contributes to a mechano-
sensitive cation channel. The molecular architecture of this channel is still
unclear. Since mechanosensitive cation channels can be blocked by the
peptide toxin GsMTx-4, we studied whether TRPV4 itself is sensitive to
GsMTx-4. To this end a TRPV4-YFP construct was functionally expressed
in HEK-293 cells. Intracellular Ca2þ concentrations were monitored with
the fluorescent Ca2þ indicator Fura-2 and the data presented as Fura-2 fluo-
rescence ratios after alternate excitation at 340 and 380 nm. Non-transfected
cells (n¼47) had an average resting ratio of 0.39 (range 0.38 and 0.42),
while TRPV4 transfected cells (n¼524) showed on average an increased
fluorescence ratio of 1.11 ranging from 0.44 to 2.71. Application of 4a-
PDD (5 mM), a known TRPV4 activator, increased the fluorescence ratios
in the HEK cells to 1.72, 1.73 and 1.77 with a peak or plateau at 1-3 min
(n¼13-19 cells, each experiment). The effect of 4a-PDD could be reversed
within about 10-30 min by application of the TRPV4 blocker HC-067047
(1 mM) and GsMTx-4 (5 mM). The final resting ratios were 0.77 for HC-
067047 and 1.16 for GsMTx-4. At a concentration of 1 mM the toxin was
almost ineffective. The results indicate that TRPV4 activity can be inhibited
by GsMTx-4. However, the required concentration of the toxin is higher
than those required for inhibition of TRPC6, TRPC1 and voltage-gated so-
dium channels. The results support the view that TRPV4 may be part of me-
chanosensitive cation channels that are sensitive to the channel blocker
GsMTx-4.
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In excitable cells, ion channel responses to patterned stimuli shape cellular
behavior by regulating the duration, shape, and frequency of action potentials.
We have investigated the behavior of voltage-gated potassium (Kv) channels
subjected to repetitive stimuli, with a particular focus on the delayed rectifier
Kv1.2. Genetic deletion of this subunit results in complete mortality within
two weeks of birth in mice, highlighting a critical role for Kv1.2. To this
end, we have examined a unique property of Kv1.2, previously described as
‘‘prepulse potentiation’’. In this study, we demonstrate that this property en-
ables Kv1.2 channels to exhibit use-dependent activation during trains of brief
depolarizations, causing dramatic increases in elicited current. Importantly,
Kv subunits may assemble into heteromeric channels in the central nervous
system, generating diversity of function and sensitivity to signaling mecha-
nisms. We demonstrate that other Kv1 channel types do not exhibit use-
dependent activation, but this property is conferred when they co-assemble
with Kv1.2. These results are apparent in transfected mammalian cell lines
as well as in tityustoxin-sensitive currents recorded from primary cultures
of dissociated hippocampal neurons. Importantly, Kv1.2 assembly with
different subunits can generate diverse current phenotypes with variable
use-dependent activation or rundown. These findings illustrate that use-
dependent activation is a unique property of Kv1.2 which persists in hetero-
meric channels and may influence physiological function of hippocampal
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In recent years, cholesterol emerged as a major regulator of ion channel func-
tion. The most common effect of cholesterol on ion channels is a decrease in
channel activity. Here we focus on G-protein gated inwardly rectifying potas-
sium (GIRK or Kir3) channels that play an important role in regulating mem-
brane excitability in cardiac, neuronal and endocrine cells.
We have recently shown that unexpectedly cholesterol enrichment up-
regulates GIRK activity in atrial myocytes. In accordance, we also observed
elevated GIRK currents in cholesterol-enriched Xenopus oocytes expressing
the GIRK1/GIRK4 heteromers, the two pore-forming subunits expressed in
the heart. Interestingly, whereas similarly to the heteromer GIRK1/GIRK4,
the highly active homomeric pore mutant GIRK4* (GIRK4_S143T) was
also enhanced by cholesterol, GIRK1* (GIRK1_F137S) was suppressed
by cholesterol. Thus, in this study, we focused on identifying what deter-
mines whether a channel would be enhanced or suppressed by cholesterol.
Although the major difference between these channels is in the cytosolic
domain, our data showed that the impact of cholesterol did not depend on
the extended C-terminus of GIRK1 as compared with GIRK4. Rather, our re-
sults show that a transmembrane region that includes residues from both the in-
ner and outer alpha helices of the channel determines the impact of cholesterol
on the channel.
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The Solute Carrier 4 (SLC4) family are integral membrane cotransporters that
reabsorb or secret anions across the basolateral membranes throughout the
body, especially the kidney, eye, and red blood cells. Defects of SLC4A4
(NBCe1-A) lead to type-II acidosis and myriad ocular abnormalities; those
of SLC4A1 (AE1) causes type-I acidosis and sperocytosis. We demonstrate
that SLC4s form patches in the membrane of proximal tubule cells, corneal
endothelial cells, and Xenopus oocytes. This new discovery of homophilic in-
teractions or self-associations was initially suggested from our biophysical
studies of the N-terminal domain of NBCe1-A (Nt) in solution, and by others
studying the transmembrane domain (TMD) of AE1. The role and mecha-
nisms of self-associations are further investigated, with insight into the role
of the devastating R298S hereditary mutation found in type-II RTA afflicted
individuals. We use confocal-microscopy imaging of fluorescently-tagged
NBCe1-A and NBCe1-A-R298S molecules expressed in the aforementioned
cells types and from in-depth biophysical studies of their Nts, including our
Nt crystal structure at 2.4-A˚ resolution, melting-temperature, and homodimer
dissociation constant (KD) analyses by composition-gradient multi-angle light
scattering (CG-MALS). The structure reveals that the Nt dimerizes by two in-
terlocking arms and contains two variable sequence regions, one at the
extreme N terminus (V1) and another in the middle (V2). The V1 domains
are flexible segments that gate substrate entry into the Nt, and that the V2
are large solvent accessible loops that extend ~20 A˚ from the core Nt struc-
ture. Truncation mutants were rationally generated, and surface plasmon reso-
nance (SPR) was used to investigate their roles in self-association. Based on
these findings, we discuss the role of clustering in HCO3- sensing and trans-
port in health and provide insight to the pathogenic processes observed in pa-
tients with point mutations.
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The cystic fibrosis transmembrane conductance regulator (CFTR) is an anion
channel which is expressed at the apical surface of many secretory epithelia.
CFTR and reactive oxygen species (ROS) are both involved in innate im-
mune responses against bacterial pathogens, however the link between
them during host defense is not well understood. Here we study the surface
expression and dynamics of CFTR in epithelial cells during protein kinase C
(PKC) stimulation using fluorescence microscopy and k-space image correla-
tion spectroscopy (kICS). kICS analysis was used to measure the confined
